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ABSTRACT 

A new type I R detector was constructed, employing a short 
circuited thermocouple to generate a magnetic field to deflect an 
electron beam onto an indicator. Thermocouple parameters and the 
magnetic deflection of the electron beam by a coil of wire, a loop 
of wire, and an internally mounted thermocouple loop were determined. 
Feasibility of such an instrument is established conditionally upon 
the construction of an electron gun with a well focused electron beam. 

This thesis was written at the United States Naval Postgraduate 
School, Monterey, California, during the period August 1959 through 
May 1960. I am indebted to Professor S. H. Kalmbach for his guidance, 
assistance and patience as a faculty advisor; and to Professor A. 


Cooper for his valuable assistance. 
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ie dntroauction. 

infrared is an electromagnutic radiation generetea by molecular 
the:mal action within an object. Jlus amr object vhose tezmereature 
is above :tsolute zero, generetes infrarea energy whose freauency 
renges from approximately one ndliion to 500 :ajlion ne-ecycles. 

All the infrarea energy from a source inninging om a receiver 
is not aetectea. The receiver being the colder body becomes heated 
because, due to its lower temrerature it radiates less heat than it 
receives from the scurce which is at a higher terperature. The re=- 
ceiver reflects some of the incident energy and absorbs the rest. 

Fart of the absorbed energy is re-radiated by the receiver, part is 
removed by convection and part by conduction. The best one could hore 
to detect ~s there are no perfect absorbers, is the ircijael.t erergy 
minus the reflected portion minus the energy reradiateu. 

A black body represents a limiting case never quite reached by 
an actuel tod,. A Lléck bouy absorbs all thermal raaqiation striking 
it ana is also a perfect rauiator. All other bocies are calleu grey 
bogies. The otefen-roltumann lev. stetes that the anount of ravuiétion 
from a black body is proportionéel to the fourth power of the sbtsolute 
temperature. 

dL, 4, 
Wy = Asom ( Ts - iT 
where: A, is the grea oj the source. 
GO” is the Stefan-Eoltzmenn constant. 
T, is the absolute temperature of the source. 
1, is tie absolure temperature of the surrounuings. 
4 

Vom. Faireés, Appliea Thernoaynemics, pn. 437 - 439. ‘the 

Laciillen Comrény, 19 0. 
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Th infr.rea ener.) réuiétea by an ot ject is not monochromatic. 
the energy sprees over & wide wavelength cenge emu 1s dictriiuteu 
nonuniformly turcu, hout this range going, throt i a ime sinum velue év 
some wavelength De VEN is dete:minea ty the orjects temmereture en 
for é black Lody is cquel to one nicron «hen the wleckbody temp. ret- 

Oe | 
ieee 2a Cie This is known as the .ien visplacement Lay ile; 


as the teunerature of én object increzses, the peak radiation shifts 


to shor-.er veve Lengths. 


where T = the absolute temperature of the black body. 

AtMeernerre avsorvticn limits the trémsrasevon of “in’rareda en— 
ergy tc well defined wavelenyths with the greétest wirdaow Letween 
eight and 13 microns which is the far infrarea ( Fink ) re;ion of 
the iniréred region of the snuctrum. For military applicétions, 
FIR generally reters only to the above window. This investigéstion 
will be prim. rily concernea with the eight to thirteen micron windov.. 

Thermal detectors cre generally pagsive cetection systems ir 
thet the, do not trensnit a signel to be Lounced off a target as 
radar systems do. ror this reason a thermal vetector cannot give 
range directly. when several detectors ére utilizea for triangu- 
lation, the range may be aeterminea but the éeccursecy fails off 
with increasing i.ange. However, passive syste.s ere difficult to 
jam ara meke lese strict aewenas than active s,stens regerdiny, 
welght, svece requirenents, rove. needs, complexity ena meinten- 
ance. For these reasons en intersive effort is being made to ae- 
ie 


omith, dvones 6nd Chesner, ihe vetection ana Mecsuienent of 
ee teawed Woon ony pe. 00F,  Oxtora 19S7. 
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Sloe we Ot DOSS LVS DTS rou ume LG] 

int wee ea ulteciors pies@ntly inuse aré prime rniby ct tery :olo- 
IneLer, nr..ovLoceM@uctor ehu tnefmecourie t+ e The Loicrmtver is < 
thee. @nuiwe.itleen of netail wich 3! sorts incoming racviation ana 
chenges it to heét. ‘the rice in tenreratrue cffects the electri- 
Cis Iesistance anu the variution is uséea és a mecscure of incident 
radigtion. ‘the thermistor tolometer utilizes e sericonuuctor that 
is not potosensitive. a large uron ir resistance is cauceu b the 
inciuent raG@@ation. the thernistor colome.@% he# a@ ius Wapa Te= 
sponse 1utl is rot eS sensitive és the photcsensitive semiconauctor 
uetectors celled vorotoccruuctors. ihe :olehecer is canerle of erir- 
ci.ing in ihe fin Lut lacks the desirea sensitivity. Photocond ctors 
are  veem jnetnoeneer ena inteormeaiete repions of the in Fereo e7ec- 
tru.. ihe incident energy absorbed Ly the photos nusitive semicon- 
GQuctive meteriz1 chenpes the ernuuctivity of the sericonductor ana 
the chenge in conductivity is used ¢s « messure of the amcunt of 
réu.dét.on obsorbeu i, the adcteetor. ovsome nhoteconductive meterisls 
welng useu are leau sulfiac, lead i.eliu:iue, leda seleénmial é.a ger- 
.ijum. the photocenurctors ircreese their sensitivity enu iave- 
length resronse then they ere cocled Lut also suifer én increzse 
an Unwin time constée: Lb which is unuesircable. The necessit for 
cell coolim: shoul. te avoiued the: ver ros:itd. for tilitery er- 
plicetions but vitheut coolin; it seems unlike:y that vhetoconuuct- 
ie 3 

runuanentels of Infrered for Militery Avplicetions (Ul), U.o. 

mererorce Pregecp mand, op. 1-52, n-29; ( Confiaentic. 7». warch 4, 
mG. 

L 


bed. Biers, 1h oysten wesigne: races Mari Hurales, aviation 
meek, #Mrch al, 1557. 
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ors will ever te useful in the Fir region. nesearch is still being 
conaucted in the hope of finding a photosensitive semiconductive 
material that will yiela a sensitive detector in the Flk region. At 
present writing, no such material hes been found. 

The thermocouple consists of a pair of thermoelectric junctions 
with one junction blackered to receive the incident radiation. Ihe 
normal system of aetection utilizes the thermocouple as a source of 
voltage to be amplified ana then measured. The thermocouple covers 
a wider band of the infrered spectrum than the photoconductor cells 
but requires consideratly more incident energy for optimum perform- 
ance, ie; is less sensitive than the photoconductor cell but does 
operate in the FIR region. Jf some means could be found for improv=- 
ing the sensitivity of the thermocouple, the needa for a detector 
that is capable of detecting objects a few degrees above ambient 
tempereture would be satisfied. At the present time there are no 
detectors in the Flin region with the sensitivity of the ones de= 
velopea for use in the near and intermediate infrared regions. 

The detector constructed for this thesis utilizes a short 
circuited thermocouple to generate a magnetic field near the path 
of an electron beam. The deflection of the electron beam results 
in a measurable current at the indicator which indicates the pres- 
ence of an infrared signal. 

dive: purpose of this investigation is to construct ena deter- 
mine the feasibility and limitations of such an infrared detector 


in the Fit cesion - 





<« The Infrared vetector. 

The infrared aetector ( Fig.l] ) consists of é low velocity 
electron gun, & thermocouple and wire loop, a long electron beam 
tube and a deflecticn indicator. These will be discussed separ= 
ately in subsequent sections. 

Since the sensitivity oi the detector depends on its ability 
to indicate small deflections of the electron beam, it is import- 
ant that the beam maintain its integrity during its passage aown 
the beam tube. To prevent distortion of the beam it was necessary 
to construct a vacuum system enclosing the wire loop, electron gun 
ena indicator in order to decrease the mean free path ( 2 ) of the 
electrons . ( At a pressure of 3.5 x 1Ocam of mecury Q~* 150cm and 
at a pressure of 10 mm of mercury £& 65 meters.) Since the meas- 
ured distance between the electron gun and the indicator was 77.5 


centimeters, it became obvious that the vacuum would have to ke 
ES 


, 


Aes x 10 “mm of mercury or better in order to achieve satisfactory 
results. 

The necessity of méinteining & vacuum of the above order of 
inaegnituce comrlicated the construction of the components as so/f't 
solaer could not be used for electrical connections and all leads 
haa to be through uranium glass seals in order to ensure a good 
air tight bond of glass to metal. The use of emery cloth and ace=~ 
tone was founa to be effective in removiny the flux from the silver 
solder connections and once the technique of glass blowing was 
masterea the vacuum s: stem was constructed. 

ln spite of the vacuum, some dispersion of the election beam 
1s to be expected. The finite size of the emitter and the force of 


repulsicn betveen the electrons due to their like charges will tend 
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to cause the beam to spreea aS it traveis down the tube. For this 
resson, an electron gun vith a@ food focus anu 4 small emitter sur- 


face was required. 





3 ene Indicator. 

For indicating the ueflection of the electron beam, two péralles 
copper plates viere suspended through 4 ground glass joint. tech cop= 
per plate as silver soldered to a tungsten wire that passed throurh 
@ uranium glass vacuum seal. By sealing the two wire lesd rinch to 
one piece of the tvo piece ground glass joint, the attached copper 
plates could then te rotated inside the evacuated tube. The above 
suspensicn of the copper plates placed them approximately perpendic- 
ular to the electron beam and senarated the pletes, ie. no electric= 


al path between the plates. 


election 
| /MPacr 





Fig, Z $14 3 


With the electron gun turned on ana the infrared source shielded 
from the thermocouple, the corper plates can be rotated until all of the 
vlectron beam is striking the grounded plate ( See fige 4 for electrical 


8 





circuit). Then by use of a large wire coil placed in front of the plates 
outside the tube, the electron beam is adjusted onto the knife edge for- 
mea by the overlapving copper plates. The plate connected to the galva-~ 
nometer through the aryton shunt then will have an increment of the beam 
incident upon it with most of the electron beam on the grounded plate. 


inlectrical Circuit of Indicator 
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CATHODE €4|1 | Of 1 {ae |s fneee 
A250V 2235Vv loop = 
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it is necessary to have an increment of the beam on the non ground= 
ed plate in order to insure that any deflection of the beam will result 
in a measurable current. lf the plate does not have an increment of the 
electron beam, there is no way of knowing whether or not any deflection 
of the beam will result in a current as the beam may not be on the knife 


9. 





edge. The ueflection of the galvanometer caused by the increment of the 
electron beam can eithe: be recorded as a reterence current or effective- 
ly removed by rezeroing the galvanometer. 

Once the knife edge aajustment of the beam and subsequent zeroing 
of the galvanometer héve been made, the shielaing between the thermo- 
couple and infrarea source may be removea and the deflection of the gal- 
venometer recoraea. in this manner, one is able to obtain a plot of ctl- 
ack body temperature versus the current caused by the aeflection of the 
electron beam ana aetermine the minimum black body temperature above am- 


bient that can be detectea with this detector. 
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4. The thernuocouple. 
The 1 h energy incident on the gola foil receiver of the thermo- 
couple generates a voltage ( emf ) at the thermocouple junction. 
if the thermocouple circuit is short circuitea, a current will tlow 
in the circuit. ‘The original idea was to construct a thermocouple 
loop of bismuth ana bismuth Tin extruded wires of .OV10 inch and .0013 
inch uliameters respectively. By mounting the thermocounle on a copper 
cylinaer the theruocouple woula be short circuitea and the current 
woula flow in the loop formed by the two wires and cylinder. ‘the cur- 
rent in the loop generates a magnetic field near the loop ana shoula 
cause a deflection of the electron beam by the following eouation: 
Foe ( E+V x6 ). j 
Where: F=Force excertea on electron 
e = Charge of electron 
w= tlectric Field 
= Magnetic Field 
V= Velocity of electron 
Since the deflection of the electron beam would be proportional 
to the megnetic fiela generatea by the current, it was aecided to con= 
struct the loop as small as possible in order to minimize the electri- 
cal resistance anda thus generate a maximum magnetic fiela. bismuth and 
its alloy of tin were selected because of their excellent junction therm- 
oelectric power of 90 microvolts per degree ae 
2 
L.Page, Introduction to Theoretical Physics, p.444, v.Van Nostrana 
Company, inc; 1947. 


6 
wel.boakes, An Investigation of Infrared UVetection by slectronic 


ocamiing of a Thermocouple, p.12, United States Naval Post Graduate 
School, SS. 
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The Proposed ‘therinocouple 


Corppen 





Fig 5 


Vue to the small size of the thermocouple assembly, snecial hend- 
ling tools haa to be maae, a micromanipulator anu a miniature heater 
to melt the solder were constructed, and a aouble oculér microscope 
procured. 

Since the melting point of wooas metal is 73 C ana that of bismuth 
271 C, woods metal was used as a solder and zinc chloride usea és a flux. 
No difficuity was encountered in soldering the wires to the copper cy= 
linder once the technique hed been mastered but 1 was unatle to solder 
the two wires together as the flux failea to wet the solaer and the pro- 
ject haa to be abandoned aue to lack of time to pursue the problem fur- 
ther. 

4K thermocouple manufactured by Farrana Optical Go. inc; Traaemark 
FOUL, mounted in a sealed metal container with a crystal in Transparent 
window was procured ( see fig.6 ). ‘The crystal winuov woulu absorb 
water if exnosed to the atmosvhere and so 2 container was manufactured 


to contsin the thermocouple and aessjcant. & glass tube was joined to 
IZ: 





the forepumpv end of the vacuun system and connected to the thermocounle 
housing by means of a rubber stopper and glyptol in order to improve 


the thermocouple response time. 


window 
Then mocouple . 
GIyPTol 
Rubber SToppen 
Glass Tube wi 
Y 
os Leads 
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No specifications were available for the thermocouple and its 
operational status was unknown. Therefore, before utilizing the 
thermocouple to generate an emf and deflect the electron beam, the 
thermocouple had to be checked to determine if it was operational and 
what its parameters were. 

To aetermine the area of the blackened gold foil receiver, the 
thermocouple was placed under a traveling microscope. ‘The receiver 
was a square 7.5 Oh meters on a side with an area ( Ar ) equal to 
ale 5 Suen square meters. 

For the calibration of the thermocouple, an Ik source was requir- 
ed that would generate 1R energy at a known temperature ana emissive 


136 





area at a fixed distance from the thermocouple. ( See section $ for ln 


source ). ‘The emissive area ( A, / and the distance ( Dj separeting 
the source and thermocouple were measured and found to Le: 
bets 

A, = 2.U1 x 10 square meters. 

v = .QOk4l meters. 

with the ln source turnea on at a constant temperature, the thermo- 
couple may be considerea to be a4 source of emf. Ey connecting the ther- 
mocouple to 4 known resistance in series with a gaivanometer, the intern- 


al resistance ( k, ) of the thermocouple and the emf or open circuit 


voltage ( Be ) may be determined. 


Rg 





51g 8 


Connecting the circuit as shown in figures 7 and 8 results in the 
following equations ;: 
enf =I ke 
2} Myla air 


emf = ,, Ci pk [us 


g 
Solving simultaneously: 
ahs (kp) - 1, (K+, ) 


(Ti -1, ) 


1h. 





Wheres MM, <4 ohms 
© 


it 


1 24 ohns 


Consiaerable difficulty was experiencea with the galvanometer move- 
ment aque to environmental noise. in an attempt to minimize the ranaon 
fluctuations of the galvanometer, measurements were taken at night until 
O400 hours with no noticeable decrease in the fluctuations. 

since the deflection of the galvanometer was only several orders of 
magnitude times the zero arift when the IR source was near anbient temp- 
eratures, it was decidea to operate the IR source at temperatures great- 
er than twice ambient temperatures in order to minimize the error in 
reading the galvanometer. The critical damping external resistance for 
the galvanometer of 430 ohms was felt to be more than the external re- 
sistance used. For this reason, the galvanometer was believed to be o= 
ver damped. Since the period of the galvanometer when critically damp- 
ed was 3.5 seconds, measurements were taken at ten second intervals. 

The data obtainea appeared to be consistent until hy was computed yiel- 
ding values of one to 105 ohms for i, © A plot of the period of the 
galvanometer indicated that readings should have been taken at intervals 
or 50 seconds: 

An adaitional source of error was felt to be the shutter used be- 
tween the thermocouple and Ik source. ‘The thin shutter of galvanizea 
steel was replacea with a quarter inch slab oti aluminum as it was felt 
thet the thin shutter rose in temperature due to the Ih source. The 
use of a heavy aluminum shutter of greater surface area enabled the 
shutter to remain at essentially a constant temperature. The shutter 
was operatea by a pully anda string manually and although not the opti- 
mum arrangement, consistent results were obtained. 

Operating the 1h source between 50" = a G, ambient temperature 


eee 





at oi Ge T, ) the average interneil resistance (| MH, ave ) was compu- 
ted to be 13.U ohms. 


Computing Lo at: ie 323° K 


at 29Ce kK 

O 

1, eesiiLcro amps 
yields: Eee = 10n” volts 


Now that ie has been obtainea, it is possible to comnute the re- 
sponsivity ( So ) of the thermocouple. kesvonsivity is defined to be 
the ratio of the open circuit voltage ( 4 / to the radient power in- 


cident on the receiver ( Wo Jes 


S. ato 
Wq 
by the Stefan~boltzmann Law, the energy transi.ittea ( Wy ) by a 
black body is: 


4 4 
W,= AO (Ts -T 


~ 3 
Pi er a = 


The tee received ( We ) is a function ot the solic angle be- 

tween the source and the receivers 
ee ha he ( ee) (CE) 

4 17D 

but the energy radiated from the IH source is subject to absorb= 
tion by the atmosphere. The energy contained between eight and thir- 
teen microns 1s approximately <9 percent of the total radiated at 300° 
i but atmospheric absorbtion reauces the aetectable energy to about 
2U percent. 
Therefore: Wg a 0.2 Wy 
and where: VU = .O41 meters 
A. ms o25> xX tor” square meters 


As 


paeiee lOc square meters 
Kon 





ae o A 
O = 5.669 x 1v 2 watt / square meter h 


20 
T5= SZ hk 


i rs Ou 
oe 246.5 


Then Wqaz 21.85 x 178 watts 
Ana a Pips 3 volts 
wat 


ie 














5. The In Source. 

The lh source usea for calibation of the thermocouple was the model 
nS - 1b/TC-lb from Larnes #ngineering Company. ‘ihis source is reputed 
to be very stable and capatle of maintaing a constant radiating surface 
temperature unaffectea by changes in ambient tempereture, line voltage 
variations ana transients, tube aging and replacement of inuividuel com= 
ponents. ‘the temperature desirea was set by use of 4 dial on the control 
box and was alirect reéuding. 

‘ihe source consisted of a blackened aluminum conical cavity have- 

O 
ing al, apex angle and surrounuea by spaced heating elements to mein- 
tain a uniform temperature. ‘ihe opening of the cavity was measured 
with a micrometer as being U.629 inches in aiameter yielding an areé 
( A, ) equal to <.U1 x on square meters. ‘The distance between the 
thermocouple and the opening was measured from the insiae of the cav- 


ity as being U.141 meters. 
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6. The ttlectron Gun. 

A low velocity electron gun yielding electrons of approximately 
100 electron volt energies in a narrow beam was desireu. Unfortunate= 
ly no such electron gun could be found anda it was aueciaeu to use the 
electron gun from an oscilloscope tube insteaa. A Sylvania 5EP1 was 
obtained whose anode voltages were 220U and 1,1UU0 volts. it was hopea 
that by using much lower voltages the beam could still be focused anda 
that the gun would be suitable. The 5bP1l haa four deflection plates 
which coula be utilized tor deflecting the beammanto the vicinityier 
the thermocouvle wire loop. 

the gun was extractea from the evacuzted glass envelone by wrap- 
ping the glass in masking tape, pnlecing in a cardboard box, and nlac- 
ing an oxygen torch flame onto the glass fece to break the glass. ‘Ihe 
gur had to be removea from the glass envelone because the glass was 
not pyrex ana could not be joined to a pyrex vacuum system even with a 
uranium glass seal. 

A spacer was cut out of fiber glass material to separate the wires 
and position the gun insiae the new glass envelope. ‘ihe necessary fi- 
berglass material was purchased at a boat store and a sample spacer 
coatea with fiberglass placea in an existing vacuum system with no no- 
ticeable effect on the vacuum system down to 1° mn of mercury. 

vefective vacuum gages ( type VG-1A ) were cut in half as each 
héu four lead uranium glass wire seals and the electron gun required 
elght wire leads into the vacuum. The cut pinches vere cleaned with 
acetone, copper wires silver solderea to the tungsten wires, porcelein 
insulating beads placed over the copper wires, and the pieces of pvleéss 
joined together to form the necessary eight wire leads into the vacuum 


syste. & simple tesk for an accomplishea glass blower that required 
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@ tionth of effort on ny part until the technique wes méestereu. 

The clectron gun then ves joined to the vecuum cystem ana the véc- 
uum turned on xnepéiring the leeks ana repiiriry, the usmege uone by 
repairing the original leaks took a consiaerable amount of time measur- 
ed in months but the vecuum wes finally meae leak proof and 4 pressure 
Sul Baek be lu7? ma of mercury obtaineu with the electron gun heséter at 
U.> volts. ‘lhe pover being suppliea by tvo 6 volt Hdison cells and 
VericLle resistors in series. 

io determine if the cathoae was emitting electrons, é milliamp- 
meter was placea vetween the anode and cathode of the electron gun. 

Ihe heéeter volreare Wao broweht un to 6.3 voltUsgama the potential ve= 
tveen the cethoue ana anode varied between zero and 5U0O volts U.C. At 
no time was there an indication of current on the milliampmeter. it 
wes deciaea that the cethoae was not emitting electrons and énother 
Hun would be reguirea. 

An electron gun Was ovbtaineu from Stewart and Compeny of santa 
Uruz that prouuced a hollow cream of electrons focused by a nickel cy- 
jinaer céllea the tocusing lens. ‘The gun was reputed to be capable 
of focusing the electron veam with an overall aifference of potential 
tetween the cathode ana lens of approximately 150 volts. As this 
woula proauce a low velocity beam of electrons, the gun was felt to 
be suitable except that no mearis were provided for deflecting the be- 
amie; no deflection plates on the gun. it was felt howerer, that wire 
coils mountea externally to the vacuum system ana near the gun woula pro- 
vide the aeflection required ( see section 7 anu 8 j. 


vue to theaifficulty encountered with making a giéss envelope 


with wire leads for the first electron gun, it was decided to have 


£U. 





bir, wunas in Palo alto, vnecleose the gun in glass. Mr wumaés agreca to 
ao the glass tlowing, ena é veek Léter the gun ves receivea in its ¢la- 
ss envelope. Per apreement, the spécers were maae of nice sheets 
arilieu and cut to sive and the gless envelone was enlerged et the 


open end to facilitate the joining of the gun to the old apnaratus. 






Heater Lens Poacelein 


Healen 
ater cathode Anode 
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The first electron gun was removea from the vacuum system and 
the long beai: tube washea out with acetone. ‘Ihe electron gun enve= 
lope was then connected to the tube. ‘The air used for glass blow= 
ing wes first pessea through two liquid air traps to prevent mois- 
ture from conta minating the new épparatus. 

dhe vacuum system wes turned on ana en induction heaterused to 
heat up the electron gun. Hot air was passed over the vacuum systeni 


to remove any water venor inside the system. After two gays of bak- 
Cae 





—o 
ing out Ly this methou , the pressure wis uown to 3.6 x LU mmm of Irer= 


cury ana the activaticn of the indirectly heated cathode wes Legun. it 
should be noted that the inuuction heater coulu not be usca vith the 
first electron vun Lecéuse Lilerglass spacers were vseu hich woulu not 
stend the temperatures necessary to ae-gés the metal components of che 
electren gun. 

The conversion of the cathoae is brought about by raising the tem— 
nerature of the heater Leyona the normal onerating tei.perature. ‘the 
neater operates ét 6.3 volts after conversion and at a pressure ucual 
tomer less thane a ie mn. ‘the voltage on the heater vas brought up 
Slovu, to 7.5 volts nainteining the pressure below 5 x oe ane when 
the pressure annroéchea 5 x Omen the heater: wes turneu off anu the 
process repeeved until the heater coula be Wrought to 7/.: volts anu 


- 


, oO ; : 
have the pressure less than $5 x LU “mm. At this roir.t the heater wis 


v. 


left at /.+ volts for twerty ninutes then reduced to t.% volts. «a i2l- 
lizmoneter wes insertea between the anode and lens wath & voltere o1 

9O volis bety.ccn the anouve ana cathoue énu heeter voltage at b6.: volts 
Lo determine if the céthode hiu been converteu. aA current of VU.) uil- 
ligs.pers was reza indicating that the cathoue ves emitting, eLectrons 
enu the ectiveticn of the céthode was successful. ‘the cenversicn pro- 
C€Ste.aes repested later for =U ininutes with no increese in the irgic-— 
ateu current so it wes felt that the cathoue vas rully ectivetca enu 


no lurtner conversion was attempted. 





7. Focusing the wlectron cvean.. 

‘lhe electrons emitted by the electron gun had to be focused into 
as small a beam as possible in oruer to achieve méxinum intensity at 
the indicetor plates 77.5 centimeters away. The focus lens anu inaic- 
ator were placed at the same potential relative to the anode. the an- 
ode was always kept positive with resnect to the cathode. ‘lhe heater, 
cathoge ana heater shicla were connected externally and maintainea at 
the same potential. Various combinations ol potentials on the above 
Components were then tried in an effort to obtain a deflection on the 
galvenometer connected to the inaicator plates. No movement of the 
galvanometer was aetectea until the anode, lens and indicator pletes 
were placed at the came potential of 270 volts positive with respect 
to the cathoue. The reaction was almost immediate and violent in nat= 
ure as all recording instruments went ofi scale. The current between 
the cathode and anoae exceeded 1.5 milliamvers, the gelvanometer indi-~ 
cated a movement far in excess of 50 millimeters and the vecuum degen- 
erated irom 6.2 x nome mun to Op mn. The heater was turned off inmea- 
lately, the sceles on the instruments changed, and the procedure re- 
peatea several times. ‘Ihe reaaings on the instruments decreased with 
each succeedirg run until finally the senode current was 0.41 ma, the 
galvanometer aeflection wes zero and the pressure was 1.8 x 107mm. 

In an effort to discover the cause for the decrease in the anode 
current it wus noticed that one of the indicator plates now hea a br-= 
ight oval spot Pe oinetely half a centimeter in diameter located ap- 
proximately a querter ol the wey up from the bottcm of the plates. 


As the In source ceased operating prior to the above runs, it was 


repaired before anymore runs were made to ascertain the effect if any 


Coe 





on the galvanometer deflection. 

ihe aecrease in the uw.ode current vas felt to Le auu to the therno- 
couple wire loov projecting into the long Leem tube as it had been left 
"tloating"”. The loop nas placva st the seme potential as the eroue, lens 
and inuicator to prevent the ruilaing ur of a negative charge arouna the 
HOOD. 

the size ol thevsnany spot on the inulcatompplate led to thes eam 
that better focusing was neeued anu a metal open enaea cylinaer was con-~ 
structed to fit snugly around the glass tube just eiter the electron fun. 
it was heopea vhat application of a voltage to the cylin.er would result 
in aduitional focusinz, 01 the bean. 

The previous runs were repeatea usim, verious voltages on the cy— 
linaer with the following results. The deflecticns of the géelvanometer 
were increésed, the current Letween the cati.oue ana anode decreasea and 
remainea constant for each run betveen U.U5 and U.U7 ma and the pressure 

=e 
rose to 3.8 x 1U “mm. The wire coils viere able to deflect the beam un- 
til a zero deilection was read on the galvanometer. However vLennerature $ 
between 50 ana Z0U°C on the In source failed to aeflect the team. The 
ontimur. voltege for the metel cylinaer vas determinea to be - «<z.5 volts 
with respect to the anoae. However the abeve deflections coula only be 
detected when the pressure was at 3.8 x 1U7 7m which exceeaea the recom- 
mended onereting pressure for the heater. The problem of operating the 
gun at higher than recomimenaea pressures was solved however ty the abrupt 
terminition of aeflections on the galvanometer, the simultaneous urop in 
meessure to 3 xX hu eee and rise in anoue current. 

suosecuent runs only geve a brief detlection of the galvanometer 
when tne heater was first tuined on. # maximum acflection o1 4. ‘ns was 


only obtained near previous Settings of potentials | see fig. 1U ) for 


che 





electricel circuit ,. «she wire coils vere canacle o1 retuining this 
ueflection to “ero agaln. 

neversing the bettery leads reversed the airection of the magnetic 
fiela end thus reversed the direction of the force on the electrons. 
“his resulteu in an opnosite movement on the galvaenometer. when too 
much force was being applicu, the beém moveu off the nlate entirely. 
( The magnetic field excerted by the coils is experimentally aeterminea 
in section 6. ) From zero to 2.8 amps were placed upon the coils with 
no increase in the uetlection on the galvanometer. ‘The conclusicn 
urév.n Lrom the above is that the Leem of electrons never was tocused 
or that the Leai, was Lrought to sw focus too soon ard then divergea mnak= 
ing it imnmossiLie to increase the intensity of the electrons set the in- 


dicator. 
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8. Mapretic vefiection of tHe Hlectron Leam. 

jri oruer to determine the capébilities of the vire coils, tie ther~ 
mocouple wire loon and the pronosed thermocouple ( section 4, fig. 6 1, 1in 
aeflecting an electron beam, the meégnetic field the eiectrons pessed th- 
rough was determined for the wire coils anu computed by analogy for the 
wire loop ana the proposea thermocouple. 

Silico UNS wteree wes cerled on an electron te; 

F = bev 
The impulse which ecquels the change in Momentum is: 
frat= bevt 

then the change in momentum of the electron caused Ly the force, 
aivided by the mass ot the electron results in the chaige of velocity 
ei Lhe elecerenmerc - 


AvV= bevt 
m 


the angle of deflection of the electron Leam is then: 
=-1 


—l 
6= tan AV = ten ce 
Vv m 


fhe megnetic field, generéted by a current in a coil of wire at a 
distance equal to half the réaius of the coil from the center of the 
coil can be computed by the following formula: 

Bea 3.427 hi 
V5 a 


Where: N=the number of turns of wire 





iathe current in the wire in ampers 
a=athe mean radius of the coil in meters 
however, the everege magnetic field ( E. ) that acts on the beam 


of electronsis not equal to b. beceuse the field intensity will decrease 


Pee: 





with aistance trom the coil. In order to deteimine bg, & very swell coil 
of wire with twisted lesus to a galvenometer vas placed parellel end or- 
posite the center of the large wire coil anu at &@ alstence by ae (em) 
from the coil. Ey moving the large coil to positions along a line par= 
allel to the small coil, the current induced in the smail coil can be 
measured on the galvanometer. 

Since the current in the small coil is proportional to the magnetic 
fiela of the large coil, when the smail coil is at the center position 
where Ep 1s known, the ane ( 1. ) has a one to one correspondence 
with b. and other values of the current can Le scaled to this reference 
value. 

By plotting the current or deflection on the gealvanometer vereus 
the parallel distance ( r ) between the centers of the large snd small 
coils ana grevhically detcrmining the aree under the curve ( Ay J, the 
average magnetic field ( Ez, ) between any two values of r may be deter= 


liliined. 





Where: A; = the grea contained in the rectangle ln 

the experiment as describea was performed and the plot of galve- 
nometer aeflection versus aistence obtained. ( fig.ll1 ) The same dis- 
tribution of magnetic ficlu strength with distance will be obtéeinea for 
different currents anu numer of turns. Since the orainete of the curve 
1s proportional to 5, end the length to the radius ot the coil, the curve 
ean be Scaled to fit different size coils. 

lt shoula noted thet figure 11 is only half of the curve and that 


the electrons would have a2 force exerted on them over a aistance of 


28. 
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twice thet shown on figurell. ‘egiecting that portion of the erce cre~ 
tween 44 ana 75 cm, as it is small in comparison with the éreé tetveen 
zero and 45, the effective length of the magnetic field is 9U centi- 
meters or 7.87 times the radius ot the coil. This scaling factor will 
be used later to compute the deflection of the electron beam by the 
thermocouple wire loop and the proposed thermocouple loop. 

Since the time the electrons are exposed to the force generated 
by b. is inversely proportionél to the electron velocity, the veloc= 
ity of the electrons causea by an accelerating potential of 247.5 volts 


must be determined. 


Reger) 


li 





where; v = the velocity of the electrons 
ez the electron charge 
V = the accelereting potential 
M=ewene mass of the eieetron 
yields: 
ve9.3x ome cm/sec 
The area under the curve in figure 1] was aiviaed into two nort- 
ions, ie; from zero to 15 cm and from 15 to 45 cm. Since the magnet- 
ic fielddistribution is twice figure ll, this resulted in four areas 
and four increments of deflection over a 90 cm path ( see fig. 12 ). 
Solving for bg where: 
N= 200 turns 
l= 28 milliamperes 
az O.l1145 meters 
Yields: 
5.= O.219 gauss 


SNe 





Substitution of the values for b ena v into previous formuleés, 


yielueu the results tabuletea in Table 1 for the large coil. 


-,5 cm to -15 cm -~15 em to zero cm 
415 cm to #45 cm zero cm to #15 cm 





Table 1. 

The total deflection was then obtained over a 90 cm path by com- 
outing the deflection caused by the -45 to = 15cm incremental area, 
then since this deflection is opposite to that caused by the ~15 to 
zero cm area it must be subtracted from the deflection caused by the 
later area, etc; a graphical sketch of the process is shown in figure 
12 ( not drawn to scale due to the size of the angles involved). The 
deflection over 90 cm with 28 milliamperes in the large coil is then: 

Om 4-12 em 
Since from zero to 2.8 amperes were in the coil ( see section 7 /, 


le 





some defl=ction of the beam shoula heve been indicated on the indicator 


if the electron beam were focusea. 
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The deflection of the electrons by the thermocouple end wire loop 
can be computed in a like menner. Since the emf of the thermocouple at 
323° kh was computed to be 5.3 x lomo ( E ) and the resistance of the 
wire loop ana thermocouple was 15.1 ohms then solving for bk, ; 

where: 

N=one 
a=.005 meters 
ee, O05 x ogaeenes 
Yields: 
B30 6k oe 1077 gauss 
In order to determine bas the scaling factor ot 7.87 is multiplied 


3K 0 





by the radius 01 the loop. ‘Thus the magnetic fiela is effective over 
3.93 centimeters instead of 90 cm as with the large coil. Proceeding 
in the same menner as before, the deflection over 5.93 cm 15 Computed 
to be ( see table Z anu fiz. 13 ). 


é = eel x tos cm 


-1.968 to -.656cm -.656 to zero cm 
tour + .656 to eeyesecn Ferou to .<6-0 cl 
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‘the ueflection or the electron bean. Letween the loop ena the inai- 
Z 3 | ; 
cator will Le greater than 1.27 x lv ~ ecm however, because the Loop end 
indicator are sepurateda by 41.5 cm. 
Therefore: 


dp = S #( hl. - 3.92/2) tan @, 


where: _ 
S= 1.31 x10 em 


tan 8) = 0.58 x ious 
S, = total aeflection of beam by the wire loop 
Yields: 
Jy = hoe Xx 10 = Z ali 107? microns 

The deflection of the electron beam by the wire loop as computed 
above is very small anu if the deflection is to be aetected at the in- 
dicator, the beam of electrons must be very well focused or the change 
in intensity on the indicator plates will be too small to be aetected 
by the galvanometer. Since the beam of electrons coulda not be focused, 
it now becomes apparent why the loop failed to indicate a deflection on 
the galvanometer. 

The deflection of the electron beam by the proposed thermocouple 
loop must be computed on a theoretical basis alone since the thermocou- 
ple coula not be constructeu ana the parameters could could not be de=- 
termined experimentally. 

Assuming that the thermocouple loon is constructed such that the 
radius of the wires is 10 microns, the loop diameter 60 microns, and 
that the Ik source is at 300° kh with an ambient temperature of 294° i 
then from page 26 of boakes ( see footnote 6 ) the thermocouple current 
is 50U micro amperes ( fa j- The theoretical uetermination of this 
value involved some 2O pages by Li. boakes anuis acceptea by the author 
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as a reasonéeble value. 
Proceeding in the séme manner és before end solving for B 3 
where $ 
N=sone 
6 
as 30 x lO meters 
= 200 M2 
Yields: 
. aa 
Bee Fol x 10) “Gauss 
c 
Solving for the deflection over the scaled path length of 2.36 x 
10 ~ cm ( see table 3 and fig. 14 ): 
§ = .918x10' om 


The total deflection between the thermocouple loop and the indi- 


cator is then: 


by = So +( 41.5 - 0236/2 ) tan os Poe mLcrous 











-,Q117 to ~.0039 cm 
+.2.0039 to #.0117 cm 


a a 


Table 3 


-,U039 to zero cm 
zero tot+.0039 cm 
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J» Summary und Conclusions: 

‘The Jit uetector was constructed ana exnerimnental determinations 
of the thermocouple and megnetic field parameters were made. ine fail- 
ure o1 the electron pun to focus the electron beam precludea the final 
experimental determination of the feasibility of the In detector. 

However the following conclusions can be made concerning the in 
detector and its components: 

a. The thermocouple used vas less sensitive to 1k than the pro= 
nosed thermocouple as the measured current in the thermocouple used 
was much less than the current calculateu by Lt. Boakes for the pro=- 
posed thermocouple. 

b. The wire loop and én external thermocouple left much to be 
desired as the proposed thermocouple mounted internally yielued a much 
larger calculated deflection of the electron beam. 

co. The design of the indicétor wes successful as it wus capable 
of experimentally measuring eOUU34 Ma of incident electron intensity 
ana this should te sensitive enough to be used as an indicator of e= 
lectron beam deflection. 

d. ‘the vacuum system constructed wes capable of proviauing the 
meen free path required for the electron beam to reach the indicator. 

es Melvin the use of a better uesigned electron gun to provide 
good focusing of the electron beam and use of the proposea thermo- 


couple, the Ik detector should be feasible. 
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10, necommendations. 


Since the final exverinental aeterniingtion of the ln uetector feu- 
sibility depenus on the use of a better thernocouple and electron gun, 
it is recommendea that they Le constructea and used in the system. 

Unfortunetely the author has no recommended solution to the thermo: 
couple flux problem ana this will have to be left as a problem to be 
solvea before the proposed thermocouple cun be constructed. 

However, an electron gun design has been located which has been 
used successfully to proauce a collimatea low velocity veam of elect- 


rons o 


a 
J 
A 


su 


putes Lb 


vaviason ana Gerner, The vefraction of #lectrons by 4 Crystal of 
Nickel, Physical neview, Vol 30, No 6, vo. 705 vecember 1927. 
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The electron gun consists of a tungsten filament located in front 


of five apveratures to collimete the electron bean, hote that there is 
no indirectly heatea cathode to te conve:tea. The tungsten filament F 
lies in a rectanguler opening in 2 nickel plate P,;. The purpose of this 
plate is to assist in concentrating the emission from the filement onto 
the opening in plete P,. The potential of plate P, 15 more negative 
than that of the filament and the potential of Po is adjusted to a rat= 
her high positive value. Plates P3 , P,, Po, are maintained at the 
seme potential as the wall of the electron gun. The difference in the 
potential between the last three plates and the filement determines the 
speed of the emergent beam. 

The gun as described was tested by vavidson and Germer and founda 
to give @ homogeneous beam with accelerating potentials between 54 
and 248 volts. For this reason, it is recommenaed that this gun be 


constructed and utilized in the IR detector. 
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